S4. Predictive controller using MFPT estimation
In this section we present a simple closed-loop controller for the RW's motion using the proposed method for predicting MFPT. The main objective of the controller was to extend the motion of a passive RW by applying an external torque 'only' when the system approaches failure. The aim here is to utilize the natural attractor at the steady state to optimize the controller's effectiveness At this point τ is applied giving a net energy gain at collision as
where τ is the energy gained by the applied τ , pot is the potential energy loss/gain when slipping up/down the ramp, n is the energy loss during the compression and restitution and t is the energy lost in friction while slipping.
A few concerns were addressed in this model. Firstly, it has long been observed that external forces, if not properly timed and applied, tend to lower the stability for passive walkers rather than achieving the intended opposite. Therefore, it was crucial for the controller to have a general sense of the MFPT profile in real time to know the correct timing for external actuation. Secondly, it was important to keep the actuation minimal to preserve the energy budget which is a main goal of controlling an otherwise passive system. Finally, the controller needed to allow the system to converge to the steady state after each intervention.
The external torque applications are timed using the MFPT profile of the system to reach a given intermediate point steps and 100 steps respectively. Best results were observed for both presented scenarios with ω ctrl set to 5σ. A 44.7% and 45.51% increase of life-span for the RW system was observed for the two scenarios respectively. It was also observed that it was possible for the performance to decrease if wrong timing was applied with the same control action.
